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(57) ABSTRACT 
To provide a barrel worm-shaped tool capable of grinding 
processing in high precision, while maintaining the reduction 
of heavy load during the processing and partial wear. For this 
purpose, a barrel worm-shaped tool that is used in the gear 
machining of an internal gear (11) is formed with its diameter 
gradually increasing from the two end portions in the axial 
direction thereof towards the middle portion thereof. The 
barrel worm-shaped tool (12) is formed so that edge shapes 
(31) of the grinding wheel (12) becomes gradually smaller 
from the edge shape (31) located in the middle portion, in the 
axial direction of the barrel worm-shaped tool (12) towards 
the edge shape (31) located in the two end portions, in the 
axial direction, of the barrel worm-shaped tool (12) in accor 
dance with the amount of machining allowance for the inter 
nal gear (11). 

5 Claims, 9 Drawing Sheets 
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BARREL WORM-SHAPED TOOL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a barrel worm-shaped tool 

used in the grinding processing that is carried out, to finish, 
with precision, the tooth face of an internal gear after the heat 
treatment. 

2. Description of the Related Art 
In a common gear-production method, a form of gear is 

firstly shaped from a predetermined material of a gear 
through a processing of cutting teeth. The gear thus formed is 
then treated by heat, and, after that, the heated gear is finished 
(by a grinding processing) to remove the buckles and the like 
generated by the heat treatment. Various conventional-type 
tooth-profile grinding methods using tools such as WAgrind 
ing wheels and Super-abrasive grinding wheels (e.g., dia 
mond grinding wheels and CBN grinding wheels) have been 
employed for the purpose of finishing efficiently the tooth 
faces of the gear having been treated by heat. The tools used 
for this purpose have various shapes corresponding to the 
shapes of gears to be ground. Some of the examples of Such 
shapes of tools include external-gear shapes, internal-gear 
shapes, and worm shapes. 
Among the various types of gears, internal gears are quite 

often used in Such apparatuses as automotive transmissions. 
The demand for improvement in precision is ever growing. 
Under the circumstances, a tooth-profile grinding method for 
the purpose of the grinding finishing on tooth faces of an 
internal gearusing the barrel worm-shaped tool is disclosed in 
nonpatent document 1. What is proposed in the nonpatent 
document 1 is a calculation method for the edge profile of a 
barrel worm-shaped tool. The calculated edge profile of the 
tool is the one that fits the final state of the tooth profile of the 
internal gear that has been through the grinding. 
|NONPATENT DOCUMENT 1) Shigeru HOYASHITA, 
“Barrel Worm-Shaped Tool with Conjugate Cutting-Edge 
Profile Generated from Tooth Profile of Internal Gear Jour 
nal of the Japan Society of Mechanical Engineers (Series C), 
Vol. 62, No. 593, January 1996, pp. 284-290 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

Descriptions will be given, with reference to FIGS. 8 and 9. 
of a case where the grinding of an internal gear (hereafter, 
referred to as an internal gear 11) is carried out using a barrel 
worm-shaped tool (hereafter, referred to as a grinding wheel 
12) proposed by the above-mentioned nonpatent document. 

FIG. 8 shows that edge shapes 31 proposed by the above 
mentioned nonpatent document are formed in the grinding 
wheel 12. When the grinding wheel 12 is used in the grinding 
of the internal wheel 11, machining-allowance tooth shapes 
(machining allowance) 21 formed in the internal gear 11 
prevent the appropriate meshing of the edge shapes 31 with 
the machining-allowance tooth shapes 21. 

With the above-described configuration, mating the teeth 
of the internal gear 11 and the edges of the grinding wheel 12 
results in the contact of the grinding wheel 12 with the inner 
circumferential surface of the internal gear 11. Only the edge 
shapes 31 located in the two end portions, in the axial direc 
tion, of the grinding wheel 12 are brought into contact with 
the machining-allowance tooth shapes 21 of the internal gear 
11. To put it other way, as FIG.9 show, the edge faces 31b cut 
into the machining-allowance tooth shapes 21. The edge faces 
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2 
31b is located on the outer-side of the edge shapes 31 located 
in the two end portions, in the axial direction, of the grinding 
wheel 12. 
The grinding processing carried out under Such edge-tooth 

mating conditions may possibly make a heavy load act locally 
on the two end portions, in the axial direction, of the grinding 
wheel 12 at the start of grinding processing. Irregularity in the 
grinding load and partial wear are some of the possible results 
of the locally-acting heavy load. 
As has been described thus far, it is undesirable for the 

barrel-shaped grinding wheel 12 that the contact of the two 
end portions, in the axial direction, of the barrel-shaped 
grinding wheel 12 with the internal gear 11 precedes the 
contact of the middle portions, in the axial direction, of the 
grinding wheel 12 with the internal gear 11. What is desirable, 
conversely, is either the contact of the internal gear 11 evenly 
with the entire area, in the axial direction, of the grinding 
wheel 12 or the contact of the internal gear 11 with the middle 
portion, in the axial direction, of the grinding wheel 12. 
The present invention, therefore, aims to achieve the 

above-described object. To be more specific, an object of the 
invention is providing a barrel worm-shaped tool which is 
capable of reducing the machining load and the partial wear 
and contributing to high-precision gear machining. 

Means for Solving the Problems 

A barrel worm-shaped tool according to a first aspect of the 
present invention to achieve the above-mentioned objects is a 
barrel worm-shaped tool used in the gear machining of an 
internal gear and formed with its diameter gradually increas 
ing from the two end portions, in the axial direction, of the 
barrel worm-shaped tool towards the middle portion, in the 
axial direction, of the barrel worm-shaped tool. In the barrel 
worm-shaped tool, the barrel worm-shaped tool is formed so 
that edge shapes become gradually Smaller from the edge 
shape located in the middle portion, in the axial direction, of 
the barrel worm-shaped tool towards the edge shapes located 
in the two end portions, in the axial direction, of the barrel 
worm-shaped tool in accordance with the amount of machin 
ing allowance for the internal gear. 
A barrel worm-shaped tool according to a second aspect of 

the present invention to achieve the above-mentioned objects 
is characterized as follows. In the barrel worm-shaped tool 
according to the first aspect of the present invention, the edge 
shape located in the middle portion in the axial direction is 
designed to have a shape that is capable of meshing with 
corresponding tooth shapes of the internal gear after the 
machining. In addition, the edge shapes located in the two end 
portions in the axial direction are designed to have shapes that 
are capable of meshing with corresponding machining-allow 
ance tooth shapes of the internal gear. 
A barrel worm-shaped tool according to a third aspect of 

the present invention to achieve the above-mentioned objects 
is characterized as follows. In the barrel worm-shaped tool 
according to the first aspect of the present invention, the barrel 
worm-shaped tool is formed with the thicknesses of the edge 
shapes gradually decreasing. 
A barrel worm-shaped tool according to a fourth aspect of 

the present invention to achieve the above-mentioned objects 
is characterized as follows. In the barrel worm-shaped tool 
according to the first aspect of the present invention, the barrel 
worm-shaped tool is formed with the heights of the edge 
shapes gradually decreasing. 

Abarrel worm-shaped tool according to a fifth aspect of the 
present invention to achieve the above-mentioned objects is 
characterized as follows. In the barrel worm-shaped tool 
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according to the first aspect of the present invention, the barrel 
worm-shaped tool is formed with the heights of bottom lands 
of the edge shapes gradually decreasing. 

Effects of the Invention 

The barrel worm-shaped tool of the present invention is 
formed so that the size of its edge shape can gradually 
becomes smaller from the edge shape located in the middle 
portion, in the axial direction, towards the edge shapes 
located in the two end portions, in the axial direction, in 
accordance with the amount of the machining allowance for 
the internal gear. Accordingly, the machining load and the 
partial wear can be reduced, and thus high-precision grinding 
processing is made possible. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a view illustrating a support structure of an inter 
nal gear and agrinding wheel within an internal-gear grinding 
machine. 

FIG. 2 is a view illustrating the shape of a grinding wheel 
according to a first embodiment of the present invention. 

FIG.3 is a view illustrating the grinding wheel according to 
the first embodiment of the present invention being used in the 
grinding of an internal gear. 

FIG. 4 is a view illustrating a grinding wheel according to 
a second embodiment of the present invention being used in 
the grinding of an internal gear. 

FIG. 5 is a view illustrating a grinding wheel according to 
a third embodiment of the present invention being used in the 
grinding of an internal gear. 

FIG. 6 is a view illustrating a grinding wheel according to 
a fourth embodiment of the present invention being used in 
the grinding of an internal gear. 

FIG. 7 is a view illustrating a grinding wheel according to 
a fifth embodiment of the present invention being used in the 
grinding of an internal gear. 

FIG. 8 is a view illustrating a conventional-type grinding 
wheel being used in the grinding of an internal gear. 

FIG. 9 is an enlarged view of a principal portion of FIG. 8. 

DETAILED DESCRIPTION OF THE INVENTION 

A barrel worm-shaped tool according to the present inven 
tion will be described in detail below with reference to the 
accompanying drawings. Members of similar structure and 
functions will be given identical reference signs across 
embodiments. The duplicated descriptions will be omitted. 

FIG. 1 is a view illustrating a support structure of an inter 
nal gear and agrinding wheel within an internal-gear grinding 
machine. FIG. 2 is a view illustrating the shape of a grinding 
wheel according to a first embodiment of the present inven 
tion. FIG.3 is a view illustrating the grinding wheel according 
to the first embodiment of the present invention being used in 
the grinding of an internal gear. FIG. 4 is a view illustrating a 
grinding wheel according to a second embodiment of the 
present invention being used in the grinding of an internal 
gear. FIG. 5 is a view illustrating a grinding wheel according 
to a third embodiment of the present invention being used in 
the grinding of an internal gear. FIG. 6 is a view illustrating a 
grinding wheel according to a fourth embodiment of the 
present invention being used in the grinding of an internal 
gear. FIG. 7 is a view illustrating a grinding wheel according 
to a fifth embodiment of the present invention being used in 
the grinding of an internal gear. 
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4 
FIG. 1 shows a work, which is an internal helical gear 

(hereafter, referred to as an internal gear) 11, and a barrel 
worm-shaped tool, which is a grinding wheel 12. The internal 
gear 11 and the grinding wheel 12 are detachably Supported in 
an unillustrated internal-gear grinding machine. Driving the 
internal-gear grinding machine makes the grinding wheel 12 
grind the internal gear 11. The details of grinding processing 
will be described later. 
The internal gear 11 is attached rotatably around a vertical 

work-rotating shaft C1. The grinding wheel 12 is attached 
rotatably around a grinding-wheel-rotating axis B that is 
angled at a predetermined shaft angle (shafts-crossing angle) 
A1 with respect to the work-rotating shaft C1. Concurrently, 
the grinding wheel 12 is supported by: a radial shaft X1 that 
extends horizontally in the X-axis direction (machine-feed 
direction); a work-rotating-shaft direction feed shaft Z1 that 
extends vertically in the Z-axis direction; and a horizontal 
shaft Y1 that extends horizontally in the y-axis direction 
(machine-width direction) that is orthogonal both to the 
X-axis direction and to the Z-axis direction. The grinding 
wheel 12 thus Supported is movable in the X-axis, the y-axis, 
and the Z-axis directions. 

Subsequently, the shapes of the internal gears 11 and of the 
grinding wheel 12 will be described with reference to FIG. 2. 
Before being ground by grinding wheel 12, an internal gear is 
formed through a processing including a broaching process 
ing on a predetermined material for a gear and a processing of 
cutting teeth (gear-shaper processing) thereon. The internal 
gear thus formed is then treated by heat and becomes the 
internal gear 11. Before the grinding processing, the inner 
circumferential Surface of the internal gear 11 has machining 
allowance tooth shapes 21, which serve as the machining 
allowance, formed therein. The machining-allowance tooth 
shapes 21 include tooth-top faces 21a, tooth faces 21b, and 
bottom lands 21c. The tooth-top faces 21a and the tooth faces 
21b form tooth portions of the machining-allowance tooth 
shapes 21. The grinding of the machining-allowance tooth 
shapes 21, using the grinding wheel 12, leaves final, post 
machining tooth shapes 22, which include tooth-top faces 
22a, tooth faces 22b, and bottom lands 22c. The tooth-top 
faces 22a and the tooth faces 22b form tooth portions of the 
tooth shapes 22. Here, the allowance of the tooth shapes 21 
can have an arbitrarily-determined value. 
The grinding wheel 12 is a barrel-shaped worm, in which 

its diameter gradually increases from each of the two end 
portions in the axial direction towards the middle portion in 
the axial direction. Spiral edge shapes 31 are formed in the 
outer circumferential surface of the grinding wheel 12. While 
the machining-allowance tooth shapes 21 of the internal gear 
11 and the teeth of the tooth shapes 22 thereof have their 
respective internal-gear specifications, the worm specifica 
tions (external-gear specifications) of the edge shapes 31 
allow the appropriate meshing of the edge shapes 31 both 
with the machining-allowance tooth shapes 21 and with the 
tooth shapes 22. In addition, the edge shapes 31 are formed so 
that the size of the edge shapes can become gradually smaller 
from the edge shapes located in the middle, in the axial 
direction, of the grinding wheel 12 to the edge shapes located 
in the two end portions, in the axial direction, of the grinding 
wheel 12. The edge shapes 31 include edge-top faces 31a, 
edge faces 31b, and bottom lands 31c. The edge-top faces 31a 
and the edge faces 31b form edge portions of the edge shapes 
31. 
To put it other way, the edge shapes 31 of the grinding 

wheel 12 are designed as follows. In the middleportion, in the 
axial direction, of the grinding wheel 12, the edges shape 31 
can mesh with the corresponding tooth shapes 22 of the 
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internal gear 11. Meanwhile, in the two end portions, in the 
axial direction, of the grinding wheel 12, the edge shapes 31 
can mesh with the machining-allowance tooth shapes 21 of 
the internal gear 11. Both the thicknesses and the height of the 
edge shapes 31 gradually decrease from those of the edge 
shape 31 located in the middle portion, in the axial direction, 
of the grinding wheel 12 towards those of the edge shapes 31 
located in the two end portions, in the axial direction, of the 
grinding wheel 12. To decrease gradually the edge thickness, 
the positions of the edge faces 31b on the two sides of each 
edge shape have to be shifted gradually inwards from the 
corresponding positions of the edge faces 31b of the reference 
edge shape 31 located in the middle portion, in the axial 
direction, of the grinding wheel 12. 
The grinding of the internal gear 11 with grinding wheel 12 

starts with moving the grinding wheel 12 to the machining 
position while the grinding wheel 12 is angled at the shaft 
angle A1. The radial shaft X1, the horizontal shaftY1, and the 
work-rotating-shaft direction feed shaft Z1 are used for the 
purpose of moving the grinding wheel 12. AS FIG. 1 shows, 
the edge shapes of the grinding wheel 12 thus moved are made 
to mate with the corresponding tooth shapes of the internal 
gear 11. Then, while the internal gear 11 is made to rotate 
around the work-rotating shaft C1 and the grinding wheel 12 
is made to rotate around the grinding-wheel-rotating axis B. 
the grinding wheel 12 is made to oscillate in the Z-axis direc 
tion by means of the work-rotating-shaft direction feed shaft 
Z1. 
The grinding processing starts in this way. The edge shapes 

31 of the grinding wheel 12 are allowed to grind the entire 
area, in the width direction of the internal gear 11, of the 
machining-allowance tooth shapes 21. Here, both the internal 
gear 11 and the grinding wheel 12 that mesh with each other 
rotate synchronously with each other while the axis of the 
internal gear 11 and the axis of the grinding wheel 12 together 
form the shaft angle A1. Accordingly, the relative sliding 
speed between the tooth face of the internal gear 11 and the 
edge face of the grinding wheel 12 increases, and the increase 
in the relative sliding speed, in turn, increases the grinding 
speed. 
The mating of the edge shapes and the tooth shapes is 

carried out so that the reference edge shape 31 located in the 
middle portion, in the axial direction, of the grinding wheel 12 
can mate with the corresponding machining-allowance tooth 
shapes 21 of the internal gear 11. Accordingly, even though 
the reference edge shape 31 located in the middle portion in 
the axial direction has a shape that is capable of meshing with 
the corresponding tooth shapes 22 of the internal gear 11, the 
reference edge shape 31 can mesh with the machining-allow 
ance tooth shapes 21 of the internal gear 11. In addition, as 
described above, the edge shapes 31 located in the two end 
portions, in the axial direction, of the grinding wheel 12 can 
mesh with the corresponding machining-allowance tooth 
shapes 21 of the internal gear 11. Moreover, the edge shapes 
31 of the grinding wheel 12 are formed so that the thicknesses 
and the heights of the edge shapes 31 may gradually decrease 
from those of the edge shape 31 located in the middle, in the 
axial direction, of the grinding wheel 12 to those of the edge 
shapes located in the two end portions, in the axial direction, 
of the grinding wheel 12. Accordingly, the edge shapes 31 can 
appropriately mesh with the machining-allowance tooth 
shapes 21 of the internal gear 11 across the entire area, in the 
axial direction, of the grinding wheel 12. 

Subsequently, when the grinding wheel 12 is moved in the 
x-axis direction by means of the radial shaft X1 and the feed 
amount towards the internal gear 11 increases, the edge 
shapes of the grinding wheel 12 gradually grind the machin 
ing-allowance tooth shapes 21 of the internal gear 11. In 
addition, of all the areas of the edge shapes 31 in the axial 
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6 
direction of the grinding wheel 12, the area actually involved 
in the grinding of the machining-allowance tooth shapes 21 is 
gradually being narrowed down, by the increase in the feed 
amount, from the two end portions in the axial direction of the 
grinding wheel 12 towards the middle portion in the axial 
direction thereof. 
Once the grinding wheel 12 has been fed in the x-axis 

direction by a predetermined amount, all the machining-al 
lowance tooth shapes 21 have been ground off. As a conse 
quence, the tooth shapes 22 are formed, and the grinding 
processing is completed. The final stage of formation of the 
tooth shapes 22 is carried out by the edge shape 31 located in 
the middle portion, in the axial direction, of the grinding 
wheel 12. 

Here, the edge-top faces 31a of the edge shapes 31 gradu 
ally grind the bottom lands 21c of the machining-allowance 
tooth shapes 21, so that the bottom lands 22c of the tooth 
shapes 22 are formed. In addition, the edge faces 31b of the 
edge shapes 31 gradually grind the tooth faces 21b of the 
machining-allowance tooth shapes 21, so that the tooth faces 
22b of the tooth shapes 22 are formed. Moreover, the bottom 
lands 31c of the edge shapes 31 gradually grind the tooth-top 
faces 21a of the machining-allowance tooth shapes 21, so that 
the tooth-top faces of the tooth shapes 22 are formed. 

There is an alternative configuration that is possible in a 
case where the edge shapes 31 are formed so that the thick 
nesses and the heights of the edge shapes 31 can gradually 
decrease from those of the edge shape 31 located in the 
middle portion, in the axial direction, of the grinding wheel 12 
to those of the edge shapes 31 located in the two end portions, 
in the axial direction, of the grinding wheel 12. In the alter 
native configuration, to decrease gradually the edge thick 
ness, as FIG. 4 shows, only the positions of the edge faces 31b 
on the outer sides of the edge shapes 31 may be shifted 
gradually inwards from the corresponding position of the 
edge face 31b of the reference edge shape 31 located in the 
middle portion, in the axial direction, of the grinding wheel 
12. 

In another alternative configuration, the edge shapes 31 
may beformed so that only the thicknesses of the edge shapes 
31 can gradually decrease from the edge shape 31 located in 
the middle portion, in the axial direction, of the grinding 
wheel 12 towards the edge shapes 31 located in the two end 
portions, in the axial direction, of the grinding wheel 12. In 
this case, to decrease gradually the edge thickness, as FIG. 5 
shows, only the positions of the edge faces 31b on the outer 
sides of the edge shapes 31 may be shifted gradually inwards 
from the corresponding position of the edge face 31b of the 
reference edge shape 31 located in the middle portion, in the 
axial direction, of the grinding wheel 12. In a still another 
alternative configuration, to decrease gradually the edge 
thickness, as FIG. 6 shows, the positions of the edge faces 31b 
on the two sides of the edge shapes 31 may be shifted gradu 
ally inwards from the corresponding positions of the edge 
faces 31b of the reference edge shape 31 located in the middle 
portion, in the axial direction, of the grinding wheel 12. 

There is an even still another alternative configuration that 
is possible in a case where the edge shapes 31 are formed so 
that the thicknesses and the heights of the edge shapes 31 can 
gradually decrease from those of the edge shape 31 located in 
the middle portion, in the axial direction, of the grinding 
wheel 12 to those of the edge shapes 31 located in the two end 
portions, in the axial direction, of the grinding wheel 12. In 
the even still another alternative configuration, as FIG. 7 
shows, the heights of the bottomlands 31c may also gradually 
decrease. While the tooth-top faces 21a of the tooth shapes 21 
collide with the bottom lands 31C, the above-mentioned con 
figuration helps the alleviation of the collision that takes place 
at the time of meshing. 
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As has been described thus far, in the barrel worm-shaped 
tool according to the present invention, the edge shapes 31 of 
the grinding wheel 12 are formed so that the size of the edge 
shapes can gradually become Smaller, in accordance with the 
amount of machining allowance of the internal gear 11, from 
the edge shapes located in the middle portion, in the axial 
direction, of the grinding wheel 12 to the edge shapes located 
in the two end portions, in the axial direction, of the grinding 
wheel 12. Accordingly, at the time of mating the edge shapes 
and tooth shapes, the outer-side edge face 31b of each of the 
edge shapes 31 located on the two end portions, in the axial 
direction, of the grinding wheel 12, which are the edge shapes 
31 located on the outer sides of the edge shape 31 located in 
the middle portion, in the axial direction, of the grinding 
wheel 12, is brought into appropriate contact with the corre 
sponding tooth face 21b of the machining-allowance tooth 
shapes 21. Accordingly, the edge shapes 31 can mesh with the 
machining-allowance tooth shapes 21 across the entire area, 
in the axial direction, of the edge shapes 31. As a conse 
quence, the machining load and the partial wear can be 
reduced and thus high-precision grinding processing is made 
possible. 

INDUSTRIAL APPLICABILITY 

The present invention is applicable to a barrel-shaped tool 
used in the cutting of teeth in an internal gear. 

The invention claimed is: 
1. A barrel worm-shaped tool used in the gear machining of 

an internal gear and formed with its diameter gradually 
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8 
increasing from the two end portions in an axial direction 
thereof towards the middle portion in the axial direction 
thereof, wherein 

the barrel worm-shaped tool is formed so that edge shapes 
become gradually smaller from an edge shape located in 
the middle portion, in the axial direction, of the barrel 
worm-shaped tool towards edge shapes located in the 
two end portions, in the axial direction, of the barrel 
worm-shaped tool in accordance with an amount of 
machining allowance for the internal gear. 

2. The barrel worm-shaped tool according to claim 1 
wherein 

the edge shape located in the middle portion in the axial 
direction is designed to have a shape capable of meshing 
with corresponding tooth shapes of the internal gear 
after the machining, and 

the edge shapes located in the two end portions in the axial 
direction are designed to have shapes capable of mesh 
ing with corresponding machining-allowance tooth 
shapes of the internal gear. 

3. The barrel worm-shaped tool according to claim 1 
wherein the barrel worm-shaped tool is foamed with a thick 
ness of the edge shapes gradually decreasing. 

4. The barrel worm-shaped tool according to claim 1 
wherein the barrel worm-shaped tool is formed with heights 
of the edge shapes gradually decreasing. 

5. The barrel worm-shaped tool according to claim 1 
wherein the barrel worm-shaped tool is formed with heights 
of bottom lands of the edge shapes gradually decreasing. 

k k k k k 


